1 2 Boron (B) is an essential micronutrient for plants, however, it shows cytotoxicity at high 3 concentrations. A borate transporter BOR1 is required for efficient transport of boron (B) 4 toward the root stele in Arabidopsis thaliana. BOR1 shows polar localization in the 5 plasma membrane of various root cells toward the stele-side under B limitation. To 6 avoid over-accumulation of B, BOR1 in the plasma membrane is rapidly internalized 7 and transported into the vacuole for proteolysis after high-B supply in an 8 ubiquitination-dependent manner. Although BOR1 has been predicted to be transported 9 into multi-vesicular bodies/late endosomes (MVB/LEs) via the endosomal sorting 2 7 other hand, BOR1 is transported to the vacuole via TOL5-positive MVB/LEs under 2 8 high-B conditions. TOL proteins are required for sorting of ubiquitinated BOR1 into 2 9 MVB/LE for vacuolar degradation but not for the polar trafficking of BOR1. 3 0 3 1
5 6
Laser excitation/spectral detection bandwidths were 488/500-530 nm for GFP, 1 5 7 552/580-700 nm for mCherry and mRFP, and 488/650-700 nm for FM4-64. Figure 1A) . After the BFA treatment, BOR1-GFP was accumulated in 2 0 1 the core of BFA compartments, whereas the Golgi apparatus labeled with a 2 0 2 mCherry-Got1p homolog was preferentially distributed in the periphery of the BFA 2 0 3 compartments ( Figure 1B) . In the control condition, BOR1-GFP and VHA-a1-mRFP, a 2 0 4 TGN/EE marker showed colocalization in punctate structures ( Figure 1C ). This compartments ( Figure 1D ). In addition, VHA-a1-mRFP showed punctate structures 2 0 9
around the core of BFA compartments (Figure 1D, arrows) . It was in contrast to a 2 1 0 relatively homogenous accumulation of BOR1-GFP in the core of BFA compartments 2 1 1 ( Figure 1D , arrow heads). Then we tested the localization of BOR1-GFP to 2 1 2 endomembrane compartments with secretory and recycling functions ( Figure 1E-1H ). promoted the colocalization between BOR1-GFP and these markers ( Figure 1F and 1H ).
1 7
Additionally, some BOR1-GFP-positive punctate structures showed colocalization with 2 1 8 mCherry-RHA1, an MVB/LE marker, under control conditions ( Figure 1I ). After BFA 
4 5
To examine whether TOL5 is involved in sorting of ubiquitinated BOR1, we performed 2 4 6 colocalization analysis between BOR1 and TOL5. Although TOL5-mCherry showed 2 4 7 strong cytosolic signals, partial colocalization with BOR1-GFP was observed in 2 4 8 punctuate structures (Figure 2A ). BFA treatment induced the separation of BFA and BFA ( Figure 2D) . Intriguingly, TOL5-mCherry showed ring-shaped structures that 2 5 6 are independent of BFA compartments ( Figure 2D ), suggesting that TOL5 localizes to 
0 5
The BFA treatment in the presence of CHX did not affect the colocalization rate 3 1 5
In the tolQ mutants lacking multiple TOL proteins the high-B induced 3 1 6 vacuolar sorting of BOR1-GFP showed significant delay (Figure 3 were not affected (Figure 4) . These results support the view that TOL proteins function ESCRT-0, are reported to be localized in the Golgi apparatus, TGN/EE, or MVB/LE, in 3 2 3 different studies (Gao et al. 2017) . In this study, we showed that a subset of 3 2 4
TOL5-mCherry is localized in the MVB/LE and partially colocalized with BOR1-GFP 3 2 5
( Figure 2A, B, D) . We also showed that after Wm and high-B supply, BOR1-GFP and 3 2 6
TOL5-mCherry were localized in the ILVs and the limiting membrane, respectively, in 3 2 7 1 2 the enlarged MVB/LEs (Figure 2E ). These results imply that recognition and 3 2 8
sequestration of ubiquitinated cargo such as BOR1 by TOL proteins take place at the 3 2 9
limiting (outer) membrane of MVB/LE.
0
In summary, we demonstrated that BOR1 is localized in the TGN/EE and the 
